Objective: To examine the within-and between-individual variability in the estimated total energy expenditure (TEE) and habitual physical activity (PA) in free-living young adults. We were specifically interested in the day-to-day variation. Design: Cross-sectional. Setting: University. Subjects: A total of 277 (125 males, 152 females) participants aged 18-24 years. Interventions: None. Main outcome measures: Subjects recorded their daily PA with the Bouchard 3-day diary. Descriptive statistics for TEE, moderate-to-vigorous physical activity (MVPA), inactivity (IA), and activity energy expenditure (AEE) were calculated and presented as a frequency distribution. Within-and between-individual variability were tested by RMANOVA and also presented as the coefficient of variation (CV). Results: Mean values for TEE, MVPA, AEE, and IA were comparable between males and females; however, considerable between-individual variability existed. Only MVPA showed a significant difference between sexes (Po0.05), due to slightly greater vigorous PA in males compared to females (8.0 and 6.8 kcal/kg/day, respectively; P ¼ 0.12). Results from the RMANOVA revealed no significant day-to-day variability in any TEE or PA variable and the CVs were not significantly different between males and females. TEE and IA displayed mean CVs of approximately 12% while mean CVs for AEE and MVPA approximated 32 and 84%, respectively. Conclusions: Results from this study suggest (1) a limited day-to-day variability in TEE and (2) a large degree of betweenindividual variation for TEE and PA exist. This study highlights the importance of understanding the variability associated with TEE, which is important for PA measurement and proper PA and nutritional recommendations. Sponsorship: None.
Introduction
Obesity is a worldwide problem affecting over 300 million individuals (World Health Organization (WHO), 2002) . In the United States alone approximately 60% of the adult population are either overweight or obese (Flegal et al., 1998) , which results in an estimated annual economic cost of $52 billion (Wolf and Colditz, 1998) . Given the increasing prevalence of obesity among young people (Ogden et al., 2002) it is expected that the economic and medical consequences will continue to rise in future generations. Therefore, it is critical to understand the causes and determinants of body weight regulation so effective prevention and treatment programs can be administered.
It is generally acknowledged that obesity results from an energy imbalance created by excessive energy intake and/or reduced energy expenditure. The major constituents of total daily energy expenditure (TEE) include resting metabolic rate (RMR), the thermic effect of food (TEF) and the energy cost of physical activity (PA). While RMR accounts for the greatest percentage of TEE (B60-70%), the energy cost of PA produces the most within-and between-individual variability, ranging between 25 and 75% of TEE (Westerterp, 1998) . Despite the recognized variability (within-and between-individuals) in TEE and PA, few studies have specifically addressed this issue among free-living humans. Understanding the variation within an individual may be useful in determining the number of days needed to estimate habitual PA; however, in the broader sense, this information may also be used to further characterize the PA phenotype. Although the between-individual response to PA has previously been examined (Bouchard and Rankinen, 2001) , specific studies regarding the between-individual variation in PA and TEE are warranted. This information may improve our understanding of the biological mechanisms that control TEE and PA (Rowland, 1998) .
The life-period of greatest decline in PA is between adolescence and young adulthood (Caspersen et al., 2000) . During this time, total activity (min/week) and habitual leisure-time activity (MET-times/week) have been shown to decrease markedly among males (31%) (van Mechelen et al., 2000) and females (83%) (Kimm et al., 2002) , respectively. Studies of PA and TEE during the transition from adolescence to young adulthood are important since this period reflects marked changes in behavioral (alcohol and tobacco use, dietary and physical activity patterns), socio-demographic (independence/autonomy from family, marriage, employment), and biological (body fatness, aerobic fitness) factors that may be associated with an increased risk of obesity and comorbidities. Given the paucity of studies regarding the level and variability of TEE and PA among young adults, the purpose of this study was to describe the current level and day-to-day variability in TEE and components of PA among young adults. A secondary purpose of the study was to determine the relation between TEE and components of PA, specifically inactivity (IA) and moderate-to-vigorous physical activity (MVPA).
Methods

Participants
A total of 277 (125 males, 152 females; 95% Caucasian) undergraduate students enrolled in an introductory physical activity and health class participated in this cross-sectional study. Since enrollment in this course is mandatory for all undergraduate students, the sample during any given semester is likely representative of the university student body. Since the study also included the assessment of cardiovascular disease risk factors (Garcia et al., 2004) , exclusion criteria included current use of lipid lowering or antihypertensive medication; anabolic steroid use; and hepatic, renal, or thyroid disease. Participants signed an informed written consent prior to participating in the study. The study was approved by the University of Wyoming Human Subjects Research Committee and conformed to the policy statement regarding the use of human subjects and the Declaration of Helsinki.
Estimation of daily total energy expenditure and habitual physical activity TEE and habitual PA were assessed using the Bouchard 3-day activity diary (Bouchard et al., 1983) . Participants were instructed to record their daily activity on 2 weekdays and 1 weekend day over a 7-day-period. The Bouchard activity diary estimates daily TEE using a factorial approach in which the entire day is divided into 96 15-min periods. Participants were instructed to quantify their activity in a diary based on a list of activities and their categorical values. By summing the activity scores throughout the day, an estimate of TEE was obtained. These values were expressed per kilogram body mass (kcal/kg/day). Energy expenditure during IA and MVPA were used in the analysis. Using the Bouchard diary, categorical values 1-3 represent IA (median MET value o2.8 METs) and values 6-9 represent MVPA (median MET value X4.8 METs) (1 MET ¼ 3.5 ml O 2 /kg/min or 1 kcal/kg/h). The repeatability of this activity diary has previously been determined (r ¼ 0.97) (Bouchard et al., 1983 ) and a version has been validated with the doubly labeled water method in a sample of 50 adolescents over a 7-day-period with a mean difference in TEE of 1.2% between the two methods (Bratteby et al., 1997) .
Daily activity energy expenditure (AEE) was estimated by assuming a fixed percentage for the thermic effect of food (10% of TEE) and a standard resting energy expenditure (REE) of 25 kcal/kg/day (AEE ¼ (TEE Â 0.9)ÀREE). Although prediction equations are available to estimate REE (FAO/ WHO/UNU, 1985), the Bouchard diary assumes a standard energy equivalent for all activity codes, including code 1 which represents sleeping/resting activities. Thus, the use of REE values from either established prediction equations or indirect calorimetry would break the underlying assumption of the Bouchard diary and undermine the utility of this assessment tool to estimate TEE.
Data analysis
Descriptive statistics were determined for the total sample and both sexes. The data were displayed in a frequency distribution to emphasize the between-individual variability. An independent t-test was used to examine the differences between sexes. Repeated measures analysis of variance (RMANOVA) was used to determine the day-to-day variability in TEE and PA measures. Paired t-tests, using the average weekday value and the weekend value, examined the difference in TEE and PA measures due to the day of the week. The coefficient of variation (CV) was determined for each individual and reported as within-individual CV and group CV. Pearson correlations examined the relationship between estimated TEE and components of PA, specifically the percentage of time spent in IA and MVPA.
Results
The descriptive statistics for TEE and PA variables by sex are shown by frequency distributions in Figure 1 . The mean and median values were similar among variables. Mean values for TEE, MVPA, IA, and AEE were comparable between males and females (P40.05). Only MVPA showed a significant difference (Po0.05) between sexes, stemming from slightly greater vigorous PA in males compared to females (8.0 and 6.8 kcal/kg/day, respectively; P ¼ 0.12). The between-individual variability (i.e., range) in the values should be noted.
Results from the RMANOVA revealed no significant dayto-day variability in any variable. On average, males and females demonstrated similar relative TEE values between the average of the two weekdays (46.7 vs 45.4 kcal/kg/day, respectively) and the weekend day (45.5 vs 46.0 kcal/kg/day, respectively). Males participated in significantly (Po0.005) lower levels of vigorous PA (9.0 vs 6.0 kcal/kg/day) and MVPA (11.6 vs 3.6 kcal/kg/day) during the weekend day compared to the average of the weekdays. Similarly, females participated in significantly (Po0.005) lower levels of MVPA during the weekend day compared to the average of the weekdays (8.7 vs 2.7 kcal/kg/day, respectively). Figure 2 shows the within-individual and mean daily CVs for the total sample. Mean daily CVs were not significantly different between males and females (P40.05). Mean daily CVs for TEE and IA were approximately 12%, while the mean daily CVs for AEE and MVPA approximated 32 and 84%, respectively. Again, the between-individual variability among the values should be noted.
The correlations between estimated TEE and the percentage of time spent in IA and MVPA were similar among males and females, therefore the entire sample was combined and presented in Figure 3 . The percentage of time spent in IA was negatively correlated with TEE (r ¼ À0.91, Po0.01), while the percentage of time spent in MVPA was positively correlated with TEE (r ¼ 0.81, Po0.01).
Discussion
In this study, the current level and day-to-day variation in the estimated TEE, MVPA, AEE, and IA is reported in a sample of young adults. A unique feature of this study is that the data were graphically presented in a frequency distribution to highlight the variation in TEE and PA. Although mean values were comparable between males and females, considerable between-individual variability existed. Directly comparing our results with other studies is difficult given the variety of methods used to assess energy expenditure and habitual PA (e.g., doubly labeled water, accelerometers, and questionnaires). Presently, the doubly labeled water method is considered the gold standard for assessing energy expenditure under free-living conditions; however, subjects are often grouped in wide age categories (i.e., 20-29 year), which make comparisons with specific age groups (i.e., 18-24 year) difficult. Nonetheless, estimated TEE in our sample is slightly higher than the normative doubly labeled water data compiled by Brooks et al. (2004) (Scrimshaw et al., 1996) , our results are similar to those from the Amsterdam Longitudinal Growth and Health Study indicating that no significant gender differences in total activity (METS/week) exist during young adulthood (van Mechelen et al., 2000) . In addition to the gender similarities for TEE, the current study did not find any significant differences in the remaining variables, even though males had slightly higher amounts of MVPA compared to females (8.0 vs 6.8 kcal/kg/day). Our findings are also in contrast with national data (National Health Interview Survey-Youth Risk Behavior Survey) demonstrating that males participate in higher amounts of regular, sustained activity and that females participate in greater amounts of IA during young adulthood (Caspersen et al., 2000) . Again, these differences may be attributed to the different methods used to estimate TEE and habitual PA. It seems likely the Bouchard diary used in the current study may provide a better representation of overall PA compared to surveys that rely on operational definitions to describe the pattern of PA.
Previous studies of PA and TEE in humans have largely focused on mean values or mean differences between groups; however, biological problems can often be overlooked when the focus is on the measure of central tendency (Bennett, 1987) and the between-individual variation is ignored. In this study, TEE and AEE ranged from B34 to 69 kcal/kg/day and B5 to 37 kcal/kg/day, respectively. Although psychosocial factors may partially explain this variation (Sallis and Hovell, 1990) , evidence is also available supporting a biological basis. Genetic studies have estimated the heritability of PA to range from 29 to 63% (Kaprio et al., 1981; Perusse et al., 1989; Maia et al., 2002) . Thus, we can conclude that heredity, to some degree, contributes to the variation in Variability in habitual physical activity EE Wickel and JC Eisenmann PA levels between individuals; however, possibly more important, these results imply that proposed lifestyle strategies aimed at increasing levels of PA need to be different among people. Using the Bouchard activity diary, Simonen et al. (2003a) provided additional evidence supporting the role of genetics to partially explain the variation in PA levels among individuals. Three PA phenotypes (inactivity, moderate to strenuous PA, and total daily activity level) derived from the Bouchard diary displayed encouraging linkage evidence for both PA (chromosome 2p22-p16) and IA (chromosomes 7p11.2, 20q13.1). There is also evidence suggesting that various receptor genes (i.e., dopamine D2 receptor gene (Simonen et al., 2003b) and melanocortin-4 receptor gene (Loos et al., 2005) and biological messenger molecules (i.e., estrogen, nitric oxide, and seratonin (Thorburn and Proietto, 2000) ) may influence TEE and PA levels. Collectively, these findings imply that biological agents contribute to the between-individual variation in PA.
Few studies have examined the day-to-day variability in TEE and PA (Goran et al., 1993; Black and Cole, 2000) . Using an activity diary the results here show little day-to-day variation under free-living conditions. The mean withinindividual daily CV for TEE among males and females approximated 13 and 12%, respectively. This finding is comparable to a meta-analysis of 21 doubly labeled water studies in which the mean within-individual variation of TEE approximated 12%, ranging from 6.5 to 22.6% (Black and Cole, 2000) . Goran et al. (1993) observed similar findings in TEE variation (CV ¼ 12%) among young adults, who were instructed to maintain a constant activity regimen along with a controlled diet. Despite the similar CV between the activity diary and doubly labeled water, differences do exist between the number of assessment days. The CV for the activity diary was determined from 3 days (2 weekdays and 1 weekend day) over a 7-day-period while the CV for the doubly labeled water studies was determined from 10 to 14 days. Thus, the CV for doubly labeled water included more averaging compared to the CV for the activity diary. Ideally, participants would have completed the activity diary over a period similar to that of doubly labeled water studies.
The CV for AEE in the present study approximated 34 and 31% for males and females, respectively. Since few studies have specifically addressed the CV for AEE using the Bouchard diary direct comparisons are difficult to make. Using a more objective assessment tool, Buchowski et al. (2004) examined patterns of PA among adults using an accelerometer and determined the CV for accelerometer counts over a 7-day-period approximated 27%, ranging from B2 to 85%. The slightly higher mean CV obtained in the current study is most likely the result of fewer assessment days with a less objective instrument. Importantly, our results, along with those from Buchowski et al., demonstrate the wide range in AEE variation. Although the Bouchard activity diary was used to estimate daily TEE and habitual PA, a version of the diary has been validated with doubly labeled water (Bratteby et al., 1997) and has been shown to be highly reproducible (r ¼ 0.97) (Bouchard et al., 1983) .
While several studies have focused on social and environmental issues (Sallis and Hovell, 1990) to explain day-to-day variability, the biological basis of TEE and PA should not be ignored (Rowland, 1998; Thorburn and Proietto, 2000) . Given that evidence exists for biological mechanisms controlling energy intake and resting metabolic expenditure (Keys, 1948) , it is plausible that biological mechanisms are also operating to control TEE and habitual PA. In a compelling review, Rowland (1998) provides several lines of evidence suggesting a control center exists in the central nervous system that regulates daily TEE, and this control system displays considerable between-individual variation. To examine the relative stability of TEE modifications to an individual's caloric balance must be experimentally administered. Schoeller (2001) examined a series of studies to elucidate the effects of overfeeding on TEE. Despite an average increase in caloric intake of B1457 kcal/day, TEE assessed by doubly labeled water only increased by B215 kcal/day. Across the six studies resting metabolic rate increased slightly (B191 kcal/day) while changes in PA energy expenditure were small (o50 kcal/day). Schoeller's overview emphasizes the relatively low amount of daily variation occurring in TEE and also the body's tendency to increase energy stores as the result of overfeeding. Levine et al. (1999) emphasized the possibility of increased amounts of nonexercise activity thermogenesis (NEAT) to resist fat gain accompanied with overfeeding; however, it now appears that levels of NEAT are static within an individual, regardless of fat gain (Levine et al., 2005) . To date, the effects of increased daily PA on TEE have produced conflicting results. Results from Westerterp et al. (1992) indicate that TEE increases in response to supplementary daily PA; however, among healthy, older individuals an increase in daily PA was shown to occur without an increase in TEE (Goran and Poehlman, 1992) . Interestingly, Goran and Poehlman (1992) observed compensatory declines in daily PA occur after the initiation of an endurance training protocol. A similar pattern emerged from the results of the present study. In both males and females, a large MVPA CV (480%) and correspondingly small TEE CV (B12%) were obtained. This most likely suggests that on the days when MVPA levels are high, there is a reduced amount of lowintensity activity, and conversely on days when MVPA levels are low, there is an increased amount of low intensity activity. This assumption is based on the relatively consistent TEE values obtained from the Bouchard activity diary.
Our results regarding the contribution of IA and MVPA to TEE agree with Westerterp's (2001) findings that demonstrate TEE is largely influenced by moderate intensity activities. This finding coincides with PA recommendations outlined by the Centers for Disease Control and Prevention and American College of Sports Medicine (CDC/ACSM) (Pate et al., 1995) , as well as the Institute of Medicine (Institute of Medicine of the National Academies of Science (IOM), 2002) highlighting the importance of moderate intensity PA in the prevention of adverse health consequences and unnecessary weight gain. A difference between our study and that of Westerterp's involved the terminology used to classify the intensity of activity. In the current study, PA was categorized as IA (categorical values 1-3) and MVPA (categorical values 6-9) while Westerterp identified PA as low, moderate, or high intensity.
The present study had limitations that should be acknowledged. First, the Bouchard diary assumes a standard energy equivalent for REE, which may lead to systematic overestimations in TEE, particularly for heavier individuals. The use of a standard energy equivalent for REE may also mask gender and ethnic differences in the energy expenditure and PA variables. Second, the focus of the present study was to call to the attention of the readers the possibility of a biological basis for the variation in TEE and the PA variables; however, in the absence of repeated measures it is difficult to determine if the daily variation observed is reproducible and thus inherent to the individual.
In conclusion, the results of this study indicate that male and female young adults have similar mean values for TEE and PA that do not significantly differ from day-to-day using the Bouchard activity diary. Despite similar mean values, a wide range of within-and between-individual variation exists. This study highlights the importance of recognizing and understanding the variability in TEE and PA, which is important to ensure proper PA and nutritional recommendations aimed at energy balance. Further work is warranted to explain the underlying biological basis of TEE and PA.
